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[57] ABSTRACT 

We describe a bacterial delivery system for the delivery of 
DNA and antigens into cells. We constructed an attenuated 
bacterial vector which enters mammalian cells and ruptures 
delivering functional plasmid DNA, such as a mammalian 
expression plasmid, and antigens into the cell cytoplasm. 
This Shigella vector was designed to deliver DNA to colonic 
surfaces, thus opening the possibility of oral and other 
mucosal DNA immunization and gene therapy strategies. 
The attenuated Shigella is also useful as a vaccine for 
reducing disease symptoms caused by Shigella. 

17 Claims, 4 Drawing Sheets 
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SHIGELLA VE< 




OR DELIVERING 



DNA TO A MAMMALIAN CELL 

INTRODUCnON 

This invention relates to a method for introducing func- 5 
tional nucleic acids into cells using a bacterial delivery 
system. A bacterial vector capable of delivering functional 
nucleic acids to cells can be produced by introducing a 
bacterial plasmid containing promoters and other instruc- ^ 
tions recognized by eukaryotic cells into bacteria capable of 
invading cells, or being taken up by cells, or capable of 
releasing the nucleic acids such that they are taken up by 
cells. The bacteria used in this delivery system do not have 
to be alive in order to deliver the nucleic acids of choice. The 
nucleic acids delivered to the cell in mis way can direct the 
eukaryotic cell to produce antigens or other functional 
molecules. 

These unique bacterial delivery systems therefor can be 
used as vaccines to prevent or treat infectious diseases and 20 
cancer, down regulate the immune system in the case of 
tissue rejection in transplantation, prevent or treat autoim- 
mune diseases and other diseases related to dysregulation of 
the immune system. In addition, the bacterial delivery 
systems can be used for gene therapy or gene replacement ^ 
for treatment or amelioration of disease such as hereditary 
genetic diseases, cancers and virus infections. 

Direct DNA-mediated immunization is another approach 
to the introduction of functional nucleic acids and vaccine 
development Highly purified bacterial plasmid DNAs 30 
expressing desired proteins under the control of viral pro- 
moters have been injected primarily into muscle or skin by 
traditional needle and syringe or by other more exotic 
methods such as biolistic transfection with DNA-coated 
gold microparticles (for review see Donnelly, J. J. et al. J. 35 
Immunol Methods (1994)176:145). Investigators using this 
technology have been able to elicit neutralizing antibodies, 
cytotoxic T lymphocytes and protection to challenge in 
several animal models of infection ranging from influenza to 
malaria. The use of bacteria as a delivery system as 40 
described in this invention is a unique method of delivering 
DNA to mammalian cells and has the potential to provide a 
simple, inexpensive way of extending DNAiinmunization to 
the local immune system and beyond through oral and other 
mucosal routes of immunization. 45 

Previously, live bacteria have been utilized as vaccines in 
order to protect against subsequent infection. Attenuated or 
less virulent Shigella, Salmonella, Listeria, and other bac- 
teria have been given orally to immunize against subsequent 
infection with more virulent forms of these bacteria. 50 
likewise, attenuated bacterial and mycobacterial organisms 
such as Bacille Calmette-Guerin (BCG) have been admin- 
istered parenterally to protect against related organisms such 
as M. tuberculosis. Genes from bacteria, viruses and para- 
sites have been cloned into a variety of bacteria and myco- 55 
bacteria for the purpose of directing the bacteria to express 
the foreign antigen or impart on the bacteria certain desired 
properties for use as a live vaccine. Examples include 
cloning the invasion genes of Shigella into the normally 
non-invasive E. coli rendering the E coli invasive and 60 
therefore more suitable for use as a vaccine strain, or cloning 
of P. falciparum malaria genes into Salmonella typhimurium 
which subsequently express these malaria proteins and, 
following oral administration of the bacteria, induce specific 
cytotoxic T cell immunity and protection in mice against 65 
malaria challenge (Sad off et al. Science (1988) 
240:336-338; Aggrawal et al. /. Exp. Med. (1990) 



172: 1083-1090) of these bacterial delivery systems 
require the bactemntself to produce the antigen or func- 
tional molecule and are dependent on a bacteria which is 
sufficiently attenuated to be safe for use in humans, but still 
able to induce a protective response. The bacterial delivery 
system of the present invention is designed to deliver 
functional nucleic acids which direct eukaryotic cells to 
produce antigens and other functional molecules. In this 
case, toxicity to the carrier is eliminated becuase plasmid- 
encoded gene expression is dependent upon the machinery 
of the eukaryotic cell allowing proper folding of the antigen 
for presentation or direction of cell functions. In addition, if 
desired, it can be used to deliver prokaryotically produced 
antigens and functional molecules. 

This invention can be applied to any desired bacteria. We 
chose Shigella as an example of a bacterial delivery system 
because of its ability to invade cells, escape from the 
phagosome, and enter into the cytoplasm of eukaryotic cells. 
These properties are not required of a bacteria chosen for 
application of the present invention, but simplified the 
experimental system. Shigella serves as an example of both 
nucleic acid delivery and bacterial antigen delivery with 
vaccine utility. Shigellae are enteric pathogens that invade 
the human colonic epithelium and multiply intracellularly, 
causing bacillary dysentery. Bacillary dysentery is caused by 
all members of the genus Shigella (S. boydii, 5. dysenteriae, 
S.flexneri, and S. sonnet). Shigellosis is prevalent in devel- 
oping countries, but is also found in industrialized nations, 
especially in institutional settings. It has been estimated that 
Shigellosis is the cause of half a million deaths a year, 
mostly among children, making the development of a safe 
and effective Shigella vaccine important (Stole, B. J. et al. /. 
Infect. Dis. (1982) 146:177). All documents cited herein 
supra or infra are hereby incorporated by reference. 

To cause dysentery, Shigella strains must be able to 
recognize, invade and multiply within epithelial cells of the 
colon (LaBrec, E. H. et al. /. BacterioL (1964) 88:1503). 
Both the bacteria and host cell play a role in the invasive 
process wherein the host cell actively engulfs the bacteria 
which in turn escapes from the phagosome by a bacteria- 
mediated digestion of the phagosomal membrane 
(Sansonetti, P. J. et al. Infect. Immun. (1981) 34:75). Once in 
the cell, bacterial multiplication occurs resulting in host cell 
necrosis. 

Earlier studies have demonstrated that parenteral immu- 
nization with live or killed Shigella did not protect against 
infection (Formal, S. B. et aL Proc. Soc. Exp. Bio. Med 
(1967) 25347; Higgins, A. R. et al. Am. J. Trap. Med Hyg. 
(1955) 4:281; Shaugnessy, H. J. et al. JAMA (1946) 
132362). Recent efforts have focused on the development of 
an attenuated Shigella vaccine strain to induce mucosal 
immunity to Shigella antigens (Lindberg, A. A. et aL Vaccine 
(1988) 6:146; Newland, J. W. et al. Vaccine (1992) 10:766). 
Although several candidates have shown promise, no safe 
and effective vaccine has been found. Previously con- 
structed Shigella vaccine candidates have either not elicited 
a protective immune response able to protect against sub- 
sequent challenge, or the strains were not sufficiently attenu- 
ated for use in humans. 

Therefore, in view of the above, there is a need for a 
properly attenuated strain of Shigella which could serve as 
a vaccine candidate against Shigella infections as well as a 
bacterial vector for the delivery of heterologous and 
homologous antigens and for DNA-mediated 
immunizations, and gene delivery. 

SUMMARY 

In mis invention is described an attenuated Shigella strain 
that can deliver functional nucleic acids to cells and deliver 
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heterologous and homol^ks antigens. Even though a 
specific bacteria is descriolKerein and is shown to deliver 
nucleic adds to eukaryotic cells whether the bacteria were 
alive or inactivated, this invention is applicable to all bac- 
teria and mycobacteria. Plasmids introduced into other cells 
such as plant cells may also render these cells capable of 
delivering nucleic acids. 

Specifically, the attenuated Shigella strain of the present 
invention is capable of delivering functional nucleic acids 
and serving as a vaccine candidate itself against Shigella 
infections. The attenuated Shigella strain of the present 
invention enters the cell but, once inside the host cell, dies 
releasing its contents. The attenuated Shigella strain 
described herein is sufficiently attenuated to not cause 
disease, while still maintaining the ability to enter mamma- 
lian cells. This strain is shown to be protective against 
Shigella flexneri 2a strain 2457T challenge in the guinea pig 
keratoconjunctivitis model, an animal model wherein the 
invasion of the corneal epithelium by Shigella mimics the 
process seen in the intestinal epithelium of the human or 
primate host (Mackel et at Am. /. Hyg. (1961) 73219-223; 
Sereny, B. Acta Microbiol Acad. Sci Hung. (1962) 
9:55-60). 

We chose to exploit the ability of Shigellae to enter 
epithelial cells and escape the phagocytic vacuole as a 
method to direct DNA to the cytoplasm of the host cell for 
protein synthesis and processing for antigen presentation 
(High, N.etaLEMBO/. (1992) 11:1991). A mutation in the 
gene encoding aspartate P-semialdehyde dehydrogenase 
(ASD) was placed in Shigella flexneri 2a strain 2457T for 
the specific purpose of delivering DNA to mucosal epithelial 
cells of the gut This resulted in a strain unable to grow in 
the absence of oUaminopimelate (DAP), an essential pepti- 
doglycan component comprising the cell wall of gram 
negative bacteria. DAP is not present in mammalian tissues, 
and is therefore unavailable for scavenge by infecting bac- 
teria. This mutant strain of Shigella represents a highly 
attenuated bacterial vector, which is capable of invading 
mammalian cells and providing protective immunity against 
strain specific Shigella infection, as well as serving as a 
delivery vehicle for oral and other mucosal DNA immuni- 
zation and gene therapy strategies. 

Therefore, it is one object of the invention to provide an 
attenuated strain of Shigella which retains the ability to enter 
a cell, but dies once inside the cell. The attenuated strain of 
Shigella can be used as a vaccine for treatment or reduction 
of the severity or symptoms of disease caused by Shigella or 
for protection against Shigella infections. 

It is another object of the invention to provide an attenu- 
ated and inactivated strain of Shigella which retains the 
ability to enter a cell, but dies once inside the celt The 
attenuated and inactivated strain of Shigella can be used as 
a vaccine for treatment or reduction of the severity or 
symptoms of disease caused by Shigella or for protection 
against Shigella infections. 

It is still another object of the invention to provide a 
method for attenuating different strains of Shigella for use as 
a protective vaccine against infection or for ameliorating 
disease symptoms caused by Shigella infection. 

It is yet another object of the present invention to provide 
a vaccine far reducing in an individual disease symptoms 
caused by Shigella comprised of attenuated Shigella which 
retains the ability to enter the cell, but dies once inside the 
cell, and a pharmaceutically acceptable excipient 

It is further an object of the present invention to provide 
a delivery vehicle for the delivery of DNA to mucosal 
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surfaces. The D|^encoding desired gene<s) or antigen(s) 
can be mtrodul0Lito the described attenuated Shigella 
strain of the present invention or an attenuated/inactivated 
Shigella strain and the recombinant attenuated Shigella 

5 strain allowed to enter m flTnTnfl li fln cells. Due to the mutation 
introduced into the attenuated strain, the recombinant 
attenuated Shigella will die once inside the cell, successfully 
delivering functional foreign DNA to mammalian cells. 
Such a delivery vehicle could be used for oral and other 
mucosal immunization and gene therapy strategies. 

10 It is still another object of the present invention to deliver 
heterologous foreign antigens expressed by the attenuated 
Shigella for the purpose of inducing in an individual an 
immune response against the foreign antigen or for treat- 
ment of a disease wherein said foreign antigen is missing or 

15 found in reduced amount 

It is further another object of the invention to provide a 
delivery vehicle for delivery of DNA and antigens to cells in 
vitro for use of those cells in transplantation and gene 
therapy. 

20 It is yet another object of the invention to provide an 
attenuated and an attenuated/inactivated strain of 5. flexneri 
for use as a vaccine against S. flexneri infections. 
Still another object of the invention is to provide an 

^ attenuated strain of S. flexneri which is mutant in the asd 
gene for use as a vaccine against infection by S. flexneri, for 
reducing the symptoms in an individual caused by such an 
infection, or as a delivery vehicle for heterologous antigens 
or DNA 

3Q It is still another object of the invention to provide a 
method for introducing the invasion genes of Shigella into 
other bacterial species for the purpose of using new species 
of bacteria as DNA delivery vehicles. 
A further object of the present invention is to provide a 

35 safer strain which can be used in diagnostic assays for 
detecting of disease caused by Shigella or determining 
exposure to Shigella in an individual and a kit therefor. 

It is yet another object of the invention to provide Shigella 
components for the production of antibodies for use in a 

40 diagnostic assay for the detection of Shigella in a sample. 
It is yet another object of the invention to provide a 
general method for introducing functional nucleic adds into 
cells using bacterial delivery systems for the purposes of 
induction of protective immunity as a vaccine, for the 

45 prevention and therapy of tumors, for the treatment and 
prevention of autoimmune disorders, for the treatment of 
conditions related to dysfunction of the immune system, for 
transplantation, for gene replacement, and gene therapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

These and other features, aspects, and advantages of the 
present invention will become better understood with regard 
to the following description, appended claims, and accom- 
panying drawings where: 

55 FIG. 1 shows the construction of a Aasd derivative of 
Shigella flexneri 2a strain 2457T; 

FIG. 2 represents results from the use of strain 15D as a 
carrier to deliver pCMV*p, a mammalian DNA expression 
plasmid, to BHK cells, (a) The number of surviving 15D (o) 

60 and 15rXp<3fVP)(#) were detern^ 

course, (b) Units of p-galactosidase activity per mg protein 
were also determined for BHK cells alone (o), BHK cells 
infected with 15D (•) and BHK cells infected with 15D 
(pCMVp) (V). A flask of semi-confluent BHK cells consists 

65 of approximately 0.5-lxlO 7 cells. Detenninations of 
P-galactosidase activity were made on an estimated 0.5x10 
cells; and 
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FIG. 3 shows results of intracellular immunostaining to during these mutations are well known by a person wife 

detect expression of p-galactosidase in BHK cells infected ordinary skill in the art (See Davis, R. W. et al. Advanced 

with 15D and 15D(pCMVB). (A) Leukostat stained BHK Bacterial Genetics. A Manual for Genetic Engineering. Cold 

monolayer infected with 15D(pCMVp) 30 minutes after the Spring Harbor Laboratory, Cold Spring Harbor, N.Y, 1980). 

additionof gentaimcm <»iitain^ 5 Specifically, the attenuated Shigella 15D strain was pre- 

sion lens). Immunostained infected BHK cells after the pared as follows. A gene encoding E colt asd was amplified 

addition of gentamicin containing medium: (B) 15D using PGR in order to incorporate restriction sites necessary 

(pCMVP) 30 minutes, (Q 15D 4 hours, (D) 15D(pCMVP) for cloning into a vector. In a <f^^™* £ e ?^ 

4hl (E) 15D(pCMVp) 24 hours, (F) 15D(pCMVp) 48 invention, any homologous asd gene could be used to 

hours,(G) 15D24^ io P» » asd S ^^T^^J^ 

fluorescence phase lens). include but are not limited to, asd se^ences obtained from 

p ' Corynebacterium glutamicum, Bacillus subtihs, Mycobao 

DETAILED DESCRIPTION terium smegmatis, Pseudomonas aeruginosa, Leptospira 

interrogans, BordeteUa pertussis, Corynebacterium flavum, 

The present invention describes an attenuated Shigella Neisseria meningitidis. Vibrio cholera, Mycobacterium 

strain and a process for the production of an attenuated boviSf streptomyces sktyoshiensis, Streptococcus mutans, 

Shigella strain for use as an immunogen for protection Vibrio mimicus, and Brucella species. Any method of incor- 

against Shigella infections, and for use as a carrier for the porating the necessary restriction sites for cloning into a 

delivery of heterologous antigens, for the delivery of DNA vector of choice can be used such as the use of linkers or 

to mucosal surfaces, or for use in a diagnostic assay. This adaptors, blunt end cloning into a polylinker and other DNA 

process is generally applicable to all bacteria and mycobac- cloning techniques known to a person of ordinary skill in the 

teria. art (For review, please see Current Protocols in Molecular 

Specifically, the present invention describes the construe- Biology, F. M. Ausubel et al. Eds. Greene Publishing Asso- 

tion of an isolate of Shigella flexneri containing a deletion in dates and Wiley-Interscience, New York). In addition, any 

the gene encoding aspartate p-semialdehyde dehydrogenase ^ vector which can be linearized for the insertion of the 

(ASD), an essential enzyme required for synthesizing the fragment of interest can be used for cloning and are known 

bacterial cell wall constituent diaminopimelic acid (DAP). to people in the art Examples of vectors include, but are not 

Without being bound to a theory, this mutant strain retains limited to, high copy plasmids, phagmids, single copy 

the ability to enter mammalian cells, but once inside the cell, vectors, expression vectors, and phages, 

is not able to replicate due to the absence of DAP which is M The resulting plasmid with E coli asd was reverse PCR 

unavailable for scavenge from mammalian cells and as a amplified to delete 553 bp of the E coli asd structural gene 

result, the bacteria dies, releasing its contents including (position 439 to 991) to produce a mutant E. coli asd or A 

intact DNA and antigens already present in the bacteria. as( | (SEQ. ID. NO:2). Any other method known to people in 

More specifically, the Shigella flexneri 2a strain 2457T the art for introducing mutations, deleting genes or portions 

was mutated by integration of a deleted £. coli asd gene 35 of genes can be used, such as, for example Bal 31 digestion, 

containing a 553 bp deletion from position 439 to 991 of the multiple restriction digestion or recombination, 

structural gene (SEQ ID NO: 1) into its chromosome. A After producing A asd, the kanamycin resistance (Kan*) 

kanamycin resistance cassette containing the complete Tn5 cassette from the commercial plasmid pUC4K-KDCX 

kanamycin gene was cloned between the flanking sequences (Pharmacia) was purified and cloned between the flanking A 

of the mutant asd gene. 40 asd sequences producing A asd:: Kan r . In accordance with 

In accordance with the present invention, any Shigella the present invention, any gene or genes, whether for 

strain can be mutated to provide an asd mutant as an antibiotic resistance, or for the purpose of gene therapy or 

attenuated strain. The strain does not need to be virulent, but antigen production, can be inserted in the asd deletion, 

preferably should have the ability to enter or be taken up by Methods for the formation of proper ends for fragment 

the target celL The asd mutation will facilitate the destnic- 45 ligation are known to people in the art Furthermore, it is not 

tion of the bacteria once the bacteria is inside the cell. In necessary to insert a gene in the asd deletion, the deletion 

addition, any gene other than asd can be mutated to have the itself is sufficient to confer the mutant phenotype and 

same effect on the bacteria, namely retain the ability to enter produce an attenuated Shigella. 

the cell and die once inside the cell or be attenuated to such Using forward and reverse primers containing restriction 

an extent that clinical symptoms be acceptable. Examples of 50 sites necessary for the insertion of the A asd::Kan r into the 

such genes include, but are not limited to, thyA, genes for positive selection suicide vector pCVD442, PCR amplifica- 

LPS production, htrA and htrB, and dut tion resulted in a PCR fragment containing the asd gene with 

One method for creating a mutation in the asd gene is an internal deletion and the Kan r cassette with the proper 

described in the examples below. Alternatively, a mutation restriction sites. Again, any method for the insertion of 

in the gene of choice can be any chemical change in the 55 proper restriction sites, or for the preparation of fragment 

DNA leading to a change in the genetic character such mat ends to be ligated such mat ligation occurs can be utilized 

the function of the gene product is lost or altered resulting Such methods are familiar to people in the art and are 

in the inability of the bacteria to survive inside the host cell reviewed in Maniatis et aL Molecular Cloning: A Labora- 

Chenrical changes in DNA include, but are not limited to, tory Manual, Cold Spring Harbor Laboratories, 1982. The 

single or multiple deletion, single or multiple point 60 vector pCVD442 is a mobilizable suicide vector containing 

mutation, integration of another gene or genes or portions of sacB as a positive counter selection system for recombina- 

genes into the structural portion of the gene to be mutated, tion. Any vector with an origin of replication that does not 

and the addition or deletion of transposons (Please see function in Shigella would serve as an acceptable suicide 

review by Kleckner et al. J. MoL Biol (1977) 116:125). vector. In addition, a counter selective gene such as sacB, 

Strains which include mutations in addition to the asd 65 EF-G, klaA, B or C, AP gene, or the T7 bacteriaphage genes 

mutation are contemplated, and are within the scope of the 1.2 or 10 is preferable but not necessary, for selection of 

invention. The different mutations and methods for intro- transformants. 
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E. coli strain SMlQ^Bwas used for transformations 
using the ligations of AiB::Kan r into the pCVD442. Any 
strain which allows for the propagation of the suicide vector, 
and is a suitable strain for conjugations in Shigella can be 
used. Vectors and suitable bacteria are within the knowledge 
of people in the art Hie SMIOXpir (pCVD422::A asd::KanO 
was conjugated to S.flexneri 2a strain 2457T (pAB322[Tet r , 
Amp*]) and AmpTTef conjugants selected. Conjugation of 
Shigella is well known to a person with ordinary skill in the 
art Any method for tagging the recipient strain could be 
used. An auxotrophic marker or antibiotic marker allows for 
selection over the donor strain. Similarly, the suicide vector 
could be introduced directly into Shigella by transformation 
or electroporatioD. Growing the conjugants on sucrose, a 
standard protocol for sacB containing plasmids, resulted in 
a second recombination event producing the isolate 15D, 
deposited with the American Type Culture Collection, 
Rockville, M<L, and given ATCC accession number 55710. 

The isolate of choice was obtained by screening for Kan r 
and a requirement for DAP. The isolate of choice can be 
screened for a requirement for DAP if the mutation is in the 
ASD gene, or for a requirement for the product of the gene 
which was deleted, or for the presence of a gene inserted into 
the bacteria. Other screening methods are known to people 
in the art and dependent on the particular specifics of the 
strain. For example, positive selection could also be per- 
formed by scoring for a marker gene such as xy/E which 
would be maintained between the recombining fragments. 

In one embodiment, the present invention relates to a 
method for the delivery of a desired gene or genes into a cell, 
the method comprising the steps of: 

(i) introducing the gene of interest into a strain of attenu- 
ated Shigella; 

(ii) administering said Shigella. 

In accordance with the present invention, any gene or genes 
can be introduced into the Shigella chromosome or virulence 
plasmid by methods described above, or alternatively can be 
carried by Shigella in a replicating or nonreplicating plas- 
mid. The vectors of interest can be introduced via 
transformation, electroporation, transfection or conjugation. 
Genes for immunizations would include genes encoding 
foreign antigens from organisms causing, for example, diar- 
rheal diseases such as rotavirus, sexually transmitted dis- 
eases such as human immunodeficiency virus, Neisseria 
gonorrhoeae, and human papilloma virus, and gastrointes- 
tinal diseases such as the ulcer causing Heliobacter pylori. 
The attenuated Shigella was shown to deliver DNA and 
antigens to cells whether the bacteria was alive or inacti- 
vated. Inactivation of bacteria is known in the art and can be 
achieved, for example, by heating to 56° C. for 30 minutes. 
Inactivation can only be performed to the extent that deliv- 
ery of functional nucleic acids is not unduly compromised. 

Delivery of DNA encoded antigens to the mucosal 
immune system by Shigella may permit mucosal immuni- 
zation simultaneously with multiple antigens that can be 
directed for class I and/or class n presentation, stimulation 
of Thl orTh2 help, or secreted while maintaining the proper 
folding and conformational epitopes for JgA and IgG anti- 
body production. 

Similar methods can be used for the delivery of DNA for 
gene therapy and correction of inborn errors of metabolisms. 
Such genes would include, for example, replacement of 
defective genes such as the CFTR gene for cystic fibrosis or 
introduction of new genes such as reverse transcriptase or 
protease antisense genes for the treatment of HIV or genes 
to upregulate Thl immune responses such as inter! eukin-12 
(IL-12) or genes to up- or down-regulate certain receptors, 
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metabolites o^^pnones such as cholesterol and cholesterol 
receptors, insB^and insulin receptors, or genes encoding 
products that can kill cancer cells such as Tumor Necrosis 
Factor (TNF), or genes to upregulate systems that have 

5 decreased for a variety of reasons including aging such as 
secretion of growth hormone, stimulation of osteocytes to 
promote bone growth and down regulation of osteoclasts to 
decrease bone desorption. 
Similar methods can be used for delivery of nucleic acids 

10 to down regulate the immune system in an antigen specific 
manner or general manner in order to prevent or control 
autoimmune diseases or other diseases involved in dysregu- 
lation of the immune system or for prevention or treatment 
of specific diseases or conditions including transplantation. 

is Examples include the prevention or treatment of autoim- 
mune encephalitis, multiple sclerosis, lupus erythematosis, 
diabetes melitus, Crohn's disease and other inflammatory 
bowel diseases, and rheumatoid arthritis and other inflam- 
matory joint and skin diseases. Other examples include 

20 down regulation of immune responses that inhibit appropri- 
ate protective or curative immune responses such as down 
regulation of immune responses that distract from protective 
and curative immune responses to cancer and other diseases. 
For example, down regulation of Th2 responses when Thl 

25 responses are appropriate for prevention and treatment of 
cancer, Leishmania, Mycobacterium tuberculosis, and HIV. 
This can be accomplished using this methodology through 
manipulation of the unique immunosuppressive properties 
of the gut and other local immune systems in combination 

30 with the ability to code for production of the appropriate 
cytokine milieu for induction of the a ppropri ate immune 
response and suppression of inappropriate responses. 

In another embodiment, the present invention relates to a 
method for the introduction of antigens of interest into cells. 

35 Such a method would comprise introduction of the desired 
DNA or antigen into attenuated or attenuated/inactivated 
Shigella such that the desired antigens are produced, and 
administering said Shigella to an individual. Said antigens 
can be produced during the life cycle of the Shigella prior to 

40 entering said cells. These antigens can be expressed from a 
prokaryotic promoter, and can either be constitutively 
expressed or induced. Such genes include those from para- 
sitic organisms from which an immune response is desired. 
In another embodiment, the present invention relates to a 

45 method for the introduction of DNA or antigens of interest 
into cells in vitro. Such a method would comprise introduc- 
tion of the desired DNA or antigen into attenuated or 
attenuated/inactivated Shigella such that the desired anti- 
gens are produced, and administering said Shigella to cells. 

50 Shigella infects several different cells types, such as BHK 
(baby hamster kidney cells), HeLa (Human cervical epithe- 
loid carcinoma), CaCo-2 (human colonic adenocarcinoma) 
and therefor is capable of delivering desired DNA or anti- 
gens into cells wherein said DNA can be expressed. Cells 

55 following DNA delivery can be transplanted for therapeutic 
purposes, for gene therapy or used as reagents in diagnostic 
assays. 

In yet another embodiment, the present invention relates 
to a method for the production of invasive bacterial strains. 

60 The invasion genes that shigellae utilize can be inserted into 
other bacteria, such as E. coli, for example. Such a strain, 

* now invasive, can be used as a carrier for the delivery of 
DNA to colonic mucosa. One advantage to using a delivery 
vehicle such as E. coli, a bacteria found in the natural flora 

65 of the intestine, is that the body will not raise an immune 
response against the bacteria, allowing multiple doses of the 
desired antigen or DNA to be introduced, and the immune 
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response to be raised apHst the desired antigen and not lations which^Kuitable for other modes of administration 

against the bacteria delivering the foreign antigen. The virG include suppositories. Additionally, the vaccine can be lyo- 

gene, or other chromosomally encoded factors* and the philized For suppositories, traditional binders and carriers 

virulence plasmid containing the virulence genes found in may include, for example, polyalkylene glycols or triglyc- 

Shigella may be used to engineer an invasive strain from a 5 erides; such suppositories may be formed from mixtures 

non-invasive candidate (Please see Sansonetti et al. Infect containing the attenuated Shigella enough to generate the 

Immmu (1983) 39:1392). desired immune response, i.e., protection or reduction of 

In still another embodiment, the present invention relates disease incidence or severity without causing undesirable, 

to a vaccine against Shigella infection. The attenuated & adverse side affects, generally in a range of 10-10 12 colony 

flexneri strain of the present invention can be used as an 10 forming units of attenuated Shigella per dose, 

immunizing agent against & flexneri infection. This strain Generally, the vaccine may be administered orally, 

has been shown to elicit a protective immune response in a subcutaneously, intradermally, or intramuscularly in a dose 

guinea pig keratoconjunctivitis animal model. Other Shigel- effective for the production of the desired immune response, 

lae strains can be attenuated similarly to the S. flexneri by The vaccines are administered in a manner compatible with 

introducing a mutation in a Shigellae gene as described is the dosage formulation, and in such amount as will be 

above such that the resultant Shigella enters the cell and prophylactically and/or therapeutically effective. The quan- 

subsequently dies. Such a mutation can be in the asd gene for tity to be administered, which is generally in the range of or 

example, and the resulting attenuated strains used as a 10 to 10 12 colony forming units of attenuated and/or 

vaccine against infection with the specific serotype of attenuated/inactivated Shigella per dose, depends on 

shigellae strain used, for example, S. boydii, S. dysenteriae, 20 whether it is acting as a vaccine to Shigella or a carrier of 

& flexneri and & sonneL The attenuated Shigella vaccine heterologous antigens or DNA, on the subject to be treated, 

can be prepared in the form of a mixed vaccine which capacity of the subject's immune system to develop the 

contains one strain or several different strains of attenuated desired immune response, and the degree of protection 

Shigella. Further, the vaccine can include at least one other desired. Precise amounts of the vaccine to be administered 

antigen as long as the added antigen does not interfere with 25 may depend on the judgement of the practitioner and may be 

the effectiveness of the attenuated Shigella vaccine and the peculiar to each subject, antigen, or use of the Shigella as a 

side effects and adverse reactions, if any, are not increased vaccine or carrier. 

additively or synergistically. The vaccine may be given in a single dose schedule, or 

Vaccines are prepared for oral administration, either as preferably a multiple dose schedule in which a primary 

liquid solutions or suspensions; solid form suitable for 30 course of vaccination may be with 1-10 separate doses, 

solution in, or suspension in, liquid prior to administration. followed by other doses given at subsequent time intervals 

The preparation may also be emulsified, or the ingredients required to maintain and or reinforce the immune response, 

are often mixed with excipients as, for example, pharma- for example, at 1-4 months for a second dose, and if needed, 

ceutical grades of mannitol, lactose, starch, magnesium a subsequent dose(s) after several months. The dosage 

stearate, sodium saccharine, cellulose, magnesium 35 regimen will also, at least in part, be determined by the need 

carbonate, and the like. These compositions take the form of of the individual and be dependent upon the judgment of the 

solutions, suspensions, tablets, pills, capsules, sustained practitioner. Examples of suitable immunization schedules 

release formulations, nose drops or powders and contain include: (i) 0, 1 month and 6 months, (ii) 0, 7 days and 1 

about 10- 10 12 attenuated and/or attenuated/inactivated Shi- month, (iii) 0 and 1 month, (iv) 0 and 6 months, or other 
gella. 40 schedules sufficient to elicit the desired immune responses 

Vaccines can also be in the form of injectables. Suitable expected to confer protective immunity, or reduce disease 

excipients would include, for example, saline or buffered symptoms or reduce severity of disease. The generation of 

saline (pH about 7 to about 8), or other physiologic, isotonic protective immunity against Shigella with an attenuated 

solutions which may also contain dextrose, glycerol or the Shigella vaccine may reasonably be expected after a primary 
like and combinations thereof. However, agents which dis- 45 course of immunization consisting of 1 to 3 inoculations, 

rupt or dissolve lipid membranes such as strong detergents, These could be supplemented by boosters at intervals (e.g., 

alcohols, and other organic solvents should be avoided. In every two years) designed to maintain a satisfactory level of 

addition, if desired, the vaccine may contain minor amounts protective immunity. 

of auxiliary substances such as wetting or emulsifying In a further embodiment, the present invention relates to 
agents, pH buffering agents, and/or adjuvants which enhance 50 a method of detecting the presence of Shigella antigens or an 

the effectiveness of the vaccine. Examples of adjuvants immune response against Shigella, in particular, 5. flexneri 

which may be effective include but are not limited to: in a sample. One advantage of using the attenuated Shigella 

aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D- of the present invention is the reduction in cumbersome 

isoglutamine (thr-MDP), N-acetylmuramyl-L-alanyl-D- safety procedures necessary with highly infective natural 
isoglutaininyl-L-alanme-2-(r-2^palmitoyl-sn-glycero-3- 55 Shigella; the attenuated Shigella presents a reduced risk to 

hydroxyphosphoryloxy)-ethylamine (CGP 19835A, referred the operator due to the inability of the bacteria to survive 

to as MTP-PE), and T7BI, which contains three components inside the host celL 

extracted from bacteria, monophosphoryl lipid A, trehalose Detection protocols may be based, for example upon 

dimycolate and cell wall skeleton (MPL+TDM+CWS) in a competition, or direct reaction, or sandwich type assays. 
2% sqalene/Iween 80 emulsion. The effectiveness of an 60 Protocols may also, for example use solid supports, or may 

adjuvant may be determined by measuring the level of be by immunoprecipitation. Most assays involve the use of 

desired immune response directed against the Shigella, a label; the labels may be, for example, fluorescent, 

carried antigen, or DNA encoded antigen resulting from chemiluminescent, radioactive, or dye molecules. Assays 

administration of the attenuated Shigella, in vaccines which which amplify the signals from the probe are also known 
are also comprised of the various adjuvants. 65 examples of which are assays which utilize biotin and 

The vaccine can be administered in the form of a liquid or avidin, and enzyme-labeled and mediated immunoassays, 

suspension prepared as discussed above. Additional formu- such as ELJSA or ELISPOT assays. Using standard mem- 
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odology well known inThe ait, a diagnostic assay can be (Haziza et al^MBO /. (1982) 1379) was amplified using 
constructed, for example, by coating a surface (It. a solid PCR, incorporating BglH restriction sites, asd was cloned 
support) for example, a microtitration plate or a membrane into a previously described vector (Branstrom et aL Pre- 
(e.g. nitrocellulose membrane), with said attenuated Shigella sented at the 33rd ICAAC, New Orleans, La., 20 Oct 1993, 
described above or purified bacterial components from 5 Abstract #1136) and selected for using & coli x 6097 
attenuated Shigella, for example, LPS and membrane or (Nakayama et aL, supra). The resulting pAB102 plasmid 
cellular components, and contacting it with the serum of a was reverse PCR amplified to delete 553 bp of the E. coli asd 
person suspected of having a Shigella infection. The pres- structural gene (position 439 to 991)[aU primers given in a 
ence of a resulting complex formed between the attenuated 5' to 3* orientation, SEQ ID NO:3-8]. The kanamycin 
Shigella and antibodies specific therefor in the serum can be 10 resistance cassette from the commercial plasmid pUG4K- 
detected by any of the known methods common in the art, KDOC (Pharmacia) was purified as a Smal fragment and 
such as fluorescent antibody spectroscopy or colorimetry. cloned between the flanking asd sequences. Using forward 
This method of detection can be used, for example, for the and reverse primers containing restriction sites Sad and 
diagnosis of Shigella infection, detection of immune Sail, respectively, PCR amplification resulted in a 2 kb PCR 
responses, and determination of previous exposures to spe- 15 fragment containing the asd gene with an internal deletion 
cific Shigella components. and the Kan r cassette. The entire Aasd::Kan r PCR fragment 

In addition, bacterial components for example, LPS and was cloned into the Sacl/Sall site of the positive selection 
membrane or cellular components, can safely be purified suicide vector pCVD442 (Donnenberg and Kaper, Infect 
from attenuated Shigella, and may be used for the produc- Immuru (1991) 59:4310). Ligations were transformed into 
tion of antibodies, monoclonal or polyclonal, for the detec- 20 SMIOApir (Simon et al. BioTechnology (1983) 1:784) and 
tion of Shigella in a sample. The antibodies may be used to selected by ampicillin resistance. SMIOXpir 
identify Shigella in the tissues or body fluids of individuals (pCVD442::asd) was conjugated to S.flexneri 2a 2457T 
infected with Shigella, thus permitting rapid and accurate (pAB322[Tet r t Amp # ]) and Amp7Iet r conjugants selected, 
immunological diagnosis of such infections. The antibodies PCR analysis determined that the isolates obtained that were 
are also useful for the immunological detection of Shigella 25 integrated into the chromosome had recombined with the 
present as contaminants in water, biologicals, downstream portion of asd on the pCVD442 plasmid. Grow- 
pharmaceuticals, or food Detection is rapid, sensitive, and ing these isolates on sucrose resulted in a second reoombi- 
highly specific. A diagnostic composition can contain a nation event (Quandt and Hynes, Gene (1993) 127:15). 
concentration of the antibody effective to detect Shigella. Screening for Kan r and a requirement for DAP, isolate 15C 
The antibody can be packaged and sold in freeze-dried or 30 was obtained. Hybridization and PCR analysis confirmed 
other acceptable form for diagnostic use. It may be mixed this strain as having a deletion in asd. This mutation could 
with a suitable carrier, attached to an appropriate solid phase be complemented with & coli asd cloned in a low copy 
(e.g., latex particle, or plastic microliter plate), conjugated number vector, restoring the original phenotype. 15C was 
with an enzyme or dye, or radiolabeled, depending on what cured of its Tef plasmid by fusaric acid treatment (Maloy 
immunological method is employed If the antibody is found 35 and Nunn, J. BacterioL (1981) 145:1110) to generate isolate 
to neutralize Shigella, or reduce infection, it can be used for 15D. 

immunoprophylaxis or therapy of Shigella infections, or EXAMPLE 2 

their consequences. 

In still another embodiment, the present invention relates Characterization of isolate 15D 
to a diagnostic kit which contains the attenuated Shigella 40 Strain 15D was able to maintain the commercially avail- 
and ancillary reagents that are well known in the art and that able eukaryotic expression vector pCMVp without antibi- 
are suitable for use in detecting the presence of Shigella as otic selection. pCMV{$ expresses E. coli p-galactosidase 
contaminants in food, water, biologicals and under die control of the immediate early promoter and 
pharmaceuticals, or for the detection of immune responses enhancer from the human cytomegalovirus (CMV) in mam- 
to Shigella in samples. Samples for detection of immune 45 malian cells, which permitted us to easily analyze 
responses to Shigella would be serum and tissue samples mammalian-mediated gene expression after delivery 
from human, monkeys, or other mammal. The appropriate (MacGregor and Caskey, NucL Acids Res. (1989) 17:2365). 
reagents and materials required for the conduct of the assay Strain 15D was screened to ensure that the large plasmid 
can be packaged along with a suitable set of assay instruc- essential for bacterial invasion of mammalian cells had not 
tions. 50 been lost during the genetic manipulations. Strain 15D was 

Described below are examples of the present invention found to express the virulence associated polypeptides, IpaB 
which are provided only for illustrative purposes, and not to and IpaC, as determined by immunoblotting (Mills et aL 
limit the scope of the present invention. In light of the Infect. Immuru (1988) 56:2933) showing no loss of the 
present disclosure, numerous embodiments within the scope invasion plasmid. It was important to demonstrate that 
of the claims will be apparent to those of ordinary skill in the 55 Shigella containing a mutation in a gene required for cell 
art wall synthesis could still adhere to and invade cells in 

__ AX _ T culture. Strains 15D and 15D(pCMVP) were each tested for 

EXAMPLE 1 the ability to invade cultured baby hamster kidney (BHK) 

Construction of an attenuated S. flexneri 2a strain cells with and without supplementation of DAP during the 

In constructing an appropriate strain, we chose to take 60 90 minutes allowed for invasion (Oaks et al. Infect. Immuru 
advantage of the already popular conditional-lethal mutation ( 1985) 48: 124). After this period of interaction, monolayers 
system, A deletion mutation was made in the gene encoding were extensively washed and treated with gentamicin (50 
ASD, an essential enzyme required for synthesizing the jig/ml) containing medium for at least 30 minutes to elimi- 
bacterial cell wall constituent diarninopimelic acid (DAP) nate extracellular bacteria. Both constructs were found to 
(Nakayama et aL BioTechnology (1988) 6:693). FIG. 1 65 invade BHK cells; however, the addition of DAP during 
illustrates the construction of 15D, a Aasd isolate of Shigella bacterial-cell interaction significantly increased the number 
flexneri 2a strain 2457T. The gene encoding for E. coli asd of 15D and 15D(pCMVp) colonies recovered (Table 1). 
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Fixed and stained chamber slides of infected BHK cell 
monolayers examined by light microscope verified viability 
findings. Without the presence of DAP during the invasion 
step, 15D and 15D(pCMVp) entered just 13% and 10% of 
the BHK cells, respectively. By contrast, 33% (15D) and 
29% [15D(pCMVP)] of the BHK cells contained bacteria 
when DAP was included. Since the purpose of this study was 
to determine if bacteria could be used to deliver plasmid 
DNA to mammalian cells, DAP was added to concentrated 
bacteria during the adherence and invasion step in the 
following representative data. 
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were added at a ratio of approximately 100:1. At the 
indicated time points, BHK cells were removed by 
trypsinization and washed in PBS. A portion of the cell 
suspension was lysed with a 0.2% Triton-X-100 solution and 
plated on TSA congo red DAP plates for determination of 

5 viable bacterial counts. The remainder of the cells were 
assayed for P-galactosidase activity, p-galactosidase activity 
was measured in the remaining cell extract by a standard 
biochemical assay that uses the conversion of o-nitrophenol- 
P-D-galactoside (ONPG) to galactose and the chromophore 

10 o-nitrophenol to quantitatively detect activity spectrophoto- 
metrically (Nolan et al. in Methods in Molecular Biology, E. 



TABLE 1 



Growth of Aasd derivatives of Shigella fiexneri 2a strain 2457T in cultured 
rmmmwltfln ecus with and without the presence of DAP. 


Strain: 


Viable Bacteria: 
(mean 4/- SD) 


Visual Observation: Number of bacteria per cell 
% of cells infected (mean +/- SD) 


15D 

15D + DAP 
I5D(pCMVp) 
l5D(pCMV0) + DAP 


1070 4/- 1071 

8.2 x 10* -f/- 1.7 x 10* 

1095 4/- 888 

8.62 x 10* 6.07 x 10* 


13 1-95 4/- 1.22 
33 X18 4/- 1.51 
10 1.2 4/- 0.56 
28.6 1.76 -tf- 1.21 



Intracellular bacterial viability and P-galactosidase activ- J. Murray and J. M. Walker, Eds. (H umana Press Inc., 
ity were followed over a 48 hour time course. For assaying Clifton, N.J., 1991) Vol. 7:217-235). Units of 
viable bacteria recovered from infected BHK cells, the p-gakctosidase=380 X OD420/Time (minutes). Total pro- 
following protocol was followed. lxlO 5 BHK cells were tein concentrations of cellular extracts were determined via 
plated in wells of a 24-well plate. This assay was adapted a BCA* protein assay kit (Pierce). Results are shown in 
from those described previously for Shigella plaque analysis 30 FIGS. 2a and 7b. 

(Mills et aL Infect Immuru (1988) 56:2933; Oaks et aL Initially l-3xl0 7 viable bacteria of each strain were 

Infect. Immun. ( 1985) 48: 124). A single congo red-binding recovered from monolayers of BHK cells with no detectable 

positive colony (denoting the expression of plasmid- p-galactosidase activity in cell extracts. Measurements of 

encoded Shigella virulence determinants) of each strain was p-galactosidase activity in bacterial extracts equivalent to 

used to inoculate overnight LB broth cultures containing 50 35 ^ tota j num ber of bacteria added were negative. After 4 

ug/ml DAP [ 15D] or DAP plus 250 ug/ml of amplicillin hours ^ a 1 log to 1.5 logs loss in viable bacteria occurred with 

[(lSD(pCMVp)]. Overnight cultures were diluted 1:50 and Q0 detectable p-galactosidase activity. An additional log to 

grown to approximately mid-log phase in the presence of 15 - 1qss of bacter ia was observed at both the 24 

DAP. Two hundred microliters of a 10X bacterial solution in ^ 4g houf M ^ nts At ^ increasing units of 

HBSS with or without the addition of 50 ug/ml DAP were 40 r galactosidase activity were readily detectable in cell 

added to three wells of semi-confluent BHK cells, which had L~r. c fr nwK infected with lSDfoCMVB). 

been r hedwi,hD^ ? ioWW^at S ^ ^^Zi^^^^^l 

50:1. Bacteria were allowed to interact with the BHK cells ^ ~^ * . .... UttM - A w«^« e * 

X S volume for 90 minutes at 37* C, 5% CO, was not due to «^ 0 ^ 

Nonadherent bacteria were removed by extensive washes 45 no activity was detected at tiie first two assay points, yet a 

wSh HBSS. Extracellular bacteria were "then killed by the 45 high level of 

addition of DMEM with 10% heat inactivated FBS noninvasive isolate of 15D(pCMVp) S> aC 

(BioWhittaker) and so 50 ug/ml gentamidn. At the indicated immunoblot negative) was tested for the ability to deliver 

time points, cells were lysed with a 0.2% Triton-X-100 plasmid DNA. No p-galactosidase activity was detected at 

solution and appropriate dilutions plated on TSA congo red the 24 hour assay point 

DAP plates for determination of viable bacterial counts. 50 This finding reinforces the hypothesis that to deliver DNA 

For visual examination of fixed and stained chamber the bacteria must be capable of entering the mamma l ian cell 

slides, 1x10 s BHK cells were plated in Nunc chamber slides and breaking out of the phagocytic vacuole, which most 

and infected with 15D and 15D(pCMVP) as described likely occurs during the first 4 hours of this assay. By the 24 

above. At the appropriate times, chamber slides were exten- and 48 hour assay points, sufficient time had passed for death 

sively washed, fixed and stained with a Leukostain set 55 of the bacterium and release of the plasmid DNA into the 

(Fisher). At least 450 cells were visually examined by light cell cytoplasm. This is followed by transcription and trans- 

microscopy for data analysis. An Instat statistical program lation of the encoded reporter gene. Extracellular lysis of 

(Graphpad, San Diego, Calif.) was used to calculate means bacteria leading to the release of plasmid DNA with subse- 

and standard deviations. quent uptake by eukaryotic cells cannot account for these 

60 findings since the noninvasive isolate was unable to induce 

EXAMPLE 3 p-galactosidase activity. 

Expression of DNA delivered to cells by strain 15D EXAMPLE 4 

Bacteria were grown as described in Example 1 except deliverv vehicle 

that the bacterial suspensions were concentrated 10-fold and Strain 15D as a ^*J V °^^ 

2 mis were added to each flask. In this assay, 50 ug/ml of 65 To verify the delivery of pCMVp DNA to BHK ceU^ 

DAP was added to bacterial suspensions prior to their infected monolayers were immunostained to rauaUy detect 

addition to flasks of semi-confluent BHK cells. Bacteria intracellular P-galactosidase expression within individual 
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cells. As described in - Mample 1, 3 wells of a 4-well 
chamber slide of BHK cell monolayers infected with either 
15D or 15D(pCMVp> were immunostained to detect 



DNA by 
p-galactosidase, 
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11a is sufficient for 



expression of 



TABLE 2 

Visual examination of infected BHK cells. 

Bacteria per Total nmnber of BHK cells containing: 
BHK Number of Bacteria: 

Time % Infected mean (SD) 1 2 3 4 5 6 Total: 

30* 39.3 1.84(1.2) 96 47 14 14 3 3 177 

4hrs 35.8 1.68(0.94) 106 36 13 5 0 1 161 
24 hrs 3.7 1 ______ 

48hrs 2.2 1 ______ 

30* 28 135(0.72) 76 29 7 5 2 0 119 

4 hrs 25.95 1.4(0.74) 95 16 4 1 0 0 116 
24 hrs 3.3 1 ______ 

48 hrs 3.8 1 ______ 



Strain 



15D 



pCMVp 



P-galactosidase expression (Sander et al. / Immunol Meth- 
ods (1993) 166:201). At each assay point monolayers were 
fixed in phosphate-buffered 4% paraformaldehyde for 5 min. 
and subsequently blocked with 3% goat serum (Gibco-BRL) 
in HBSS for 30 min. BHK cells were then permeabilized for 
1 min. with HBSS containing 0.1% saponin (Sigma) solu- 
tion. Monoclonal anti-f)-galactosidase (Sigma) was diluted 
1:2000 in 0.1% saponin/HBSS and applied for 30 min. at 
37° C in a humidified chamber. Secondary anti-mouse IgG 
(Fc specific) FTTC conjugated (Sigma) was diluted 1:32 and 
applied for 30 min. at room temperature. Between each step 
chamber slides were washed extensively with 0.1% saponin/ 
HBSS solution. A final wash step of HBSS alone was used 
to close permeabilized cells. Fluorescent images were visu- 35 
alized with either a Nikon microphot with Epi-fluorescence 
attachment or an Olympus- VAN04-S with fluorescence 
attachment. Results are shown in FIG. 3. 

No apparent intracellular immunostaining was observed 
in monolayers infected with either strain at the 30 minute 40 
assay point (FIGS. 3A, B). Only slight intracellular immu- 
nostaining was detected at the 4 hour assay point in mono- 
layers infected with 15D(pCMVp) (FIGS. 3C, D). At the 24 
and 48 hour assay points, several cells per field of mono- 
layers infected with 15D(pCMVp) were positively stained 45 
(FIGS. 3E, F). Staining throughout the cell cytoplasm indi- 
cated that the plasmid DNA had been released from the 
bacterium into the cell cytoplasm for further processing (Le., 
transcription and translation) by the mammalian cell. Posi- 
tively staining cells also appeared to be rounded, possibly 50 
due to the presence of an extensive amount of 
p-galactosidase protein. Approximately 1-2% of 5000 cells 
were stained positive for p-galactosidase expression at the 
24 hour assay point as determined by fluorescence activated 
cell sorter (FACS) analysis (Nolan et aL, supra). Visual 55 
examination of Leukostat stained chamber slides of 15D 
(pCMVfJ) infected BHK cells demonstrated that 28% of the 
cells contained 1 to 5 intact bacterial cells with 1.7% 
containing 5 bacteria (Table 2). Four hours after gentamicin 
treatment 26% of the cells contained visually intact bacteria 60 
with less than 1% of the cells containing 4 bacteria. 
Therefore, invasion with between 1-5 bacteria was required 
for foreign gene expression. Since pCMVp is a 7164 base 
pair plasmid of medium to high copy number with approxi- 
mately 500 copies per bacterial cell, each bacterium is 65 
estimated to contain about 3.93 (10"*) mg of DNA. Intra- 
cytoplasmic delivery of approximately 4-20X1CT 9 mg of 



EXAMPLE 5 

Gene delivery by Shigella to different cell types 
Shigella species invade many different types of cells. To 
demonstrate that gene delivery was not restricted to BHK 
cells, P815 cells were infected with 15D(pCMVP). Bacteria 
used to infect P815 cells were grown as described in 
Example 1. After the addition of the bacteria with DAP to 
the non-adherent P815 cells cultured in 6-well plates, the 
plate was spun at 500xg for 5 minutes. Bacteria and P815 
cells were allowed to interact for 90 minutes. The cells were 
then extensively washed with DMEM and resuspended in 
DMEM containing 100 ug/ml gentamicin for a one hour 
incubation at 37° C, 5% C0 2 . The cells were again exten- 
sively washed and resuspended in DMEM containing 20 
ug/ml gentamicin for overnight culture at 37° C, 5% CO^ 
p-galactosidase activity and protein concentrations were 
determined at 24 hours as described (Nolan et aL, supra). 

As shown in Table 3, 10 fold higher levels of 
p-galactosidase were expressed compared to background 
control at 24 hours. P815 cells, which express H-2* class I 
MHC molecules, have been successfully infected with 15D 
(pCMVp) and experiments are currently underway to deter- 
mine if these cells can present Shigella delivered DNA 
encoded foreign antigens in the context of class L 

TABLE 3 

B-galactosidase activity in P815 cells after infection with 15D(pCMVBV 

Source: Units of ft-galactosidaac/nig protein: 

P815 cells 3J04 
P815 cells + 15D 5.62 
P815 cells + 15D(pCMVP) 5635 



EXAMPLE 6 

15D provides protection against infection by shigella in 
vivo 

Experiments in a guinea pig keratoconjunctivitis chal- 
lenge model demonstrate 100% protection from subsequent 
Shigella infection three weeks following a two dose immu- 
nization regime. Animals were immunized with 1-4x10* 
colony forming units per eye on days 0 and 15. Challenge 
occurred 3 weeks after final immunization. Animals were 
challenged with 3.8xl0 8 virulent 2457T. 
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TABLE 4 

Guinea Pig Challenge Summary 
No. of eyes with 
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TABLE 5 

Stimulation Index. 



rating of. 



EXP. 



Protection: Combined 

4 PuD Partial % 



Spleen 



ConA 



pre-challcnge 



U dose 2 
5xdose 1 
Control 0 



2 0 0 0 
10 0 0 
0 0 0 4 



50 
50 



50 
50 



100 
100 



After immunnstions of days 0 and 14, 
with 25 x 10* vimlent 2457T. 
B_ 

lxdose2 2 0 0 0 
5x dose 2 0 0 0 0 
Control 0 0 0 0 10 



animals were challenged 3 weeks later 



10 15D 

15D(pCMV0) 
Heat-killed 1 
15D(pCMVp) 
3 weeks post challenge 



35 
2J2 



15 



50 
100 



50 100 
0 100 



15D 0.78 

15D(pCMVp) 0.77 

Heat-killed 0.87 

15D(pCMVp) 

4 weeks post challenge 



After immunization of days 0 and 14, animals were challenged 3 weeks later 

with 5 x 10 s virulent 2457T. . , . . 

•Animals above were imrmmized with between 2.5-3 x 10 s colony forming 

units per eye with strain 15D on days 0 and 14. 

C 

Strain: 



15D 

20 l5D(pCMVp) 
Heat-killed " 
15D(pCMV0) 
Challenged 
Naive 



2jQ5 

1.8 

0.89 

2X8 







Cervical Nodes 




LPS 


HJC 


ConA 


LPS 


HJC 


1.6 


1.85 


0.42 


NP. 


23 


1.2 


0.9 


146 


1.55 


32 


0.7 


0.073 


1.15 


3.55 


9 ft 




2.4 


2.36 


NP. 


1.18 


4.25 


1.5 


0.56 


NP. 


039 


NP. 


NP. 


0.54 


8.25 


19 


Nl». 


(0.G39)* 


0.79 


NP. 


0.23 


(J036)* 


NP. 


030 


0.69 


0.26 


(.130)* 


(.105)* 


0.68 


031 


038 


(.180)» 


(091)* 


0.52 


1.69 


036 



15D 

pCMVp 
Heat-killed 
pCMVp 
Controls 



6 


0 


0 


0 


25 


75 


100 


7 


0 


0 


0 


13 


87 


100 


4 


4 


0 


0 


0 


50 


50 


0 


0 


6 


2 


0 


0 


0 



pCMVp: 15D carrying a co mm erc i ally available eukaryotk expression 
plasmid. 

Heat -killed: heat to 56° C. for 30 minutes. 



25 NP-— no proliferation detected 

♦—naive animal slewed no detectable response: there f ore, actual OD. values 
are presented. 

ConA— concanavalin A 5 ugtol 
IPS— commercial p rep aration from £ coli 250 pg/ml 
HJC.— heat-kilted Shigella fiexmH 2a strain 2457T 5 ugftnl 
30 All responses were averaged (le., 3^ wells) and the average background 
response subtracted to determte 

calculated by dividing the average experimental OD. value by that of the 
naive control. 



Eyes from animals in experiment C were also stained for 
(J-galactosidase activity. Eyes from animals inoculated with 35 
15D(pCMVp) and 15D(pCMVp) heat-killed showed stain- 
ing. Less staining was detected in heat-killed 15D(pCMV(J) 
inoculated animals. These results demonstrate mat this 
highly attenuated strain, which is capable of DNA delivery, ^ 
functions well in vivo in the guinea pig keratoconjunctivitis 
model, and provides protection against challenge with 
Shigella, even when the bacteria is inactivated. 



EXAMPLE 7 



45 



Guinea Pig Proliferation Assay 

The purpose of this experiment was to determine the 
immune responsiveness of animals at the time of challenge 
as well as during the recovery period. 

The spleens or cervical nodes of two animals were pooled 
for testing. Two challenged animals from each group were 
sacrificed 3 and 4 weeks post challenge for testing. Prolif- 
erative responses were tested on animals being analyzed for 
protection. Pre-chaUenge-aiiimals were vaccinated as 
described and organs tested at the time other animals were 
being challenged. 

Spleens and cervical nodes were processed to a single cell 
suspension and plated in 96 well plates at a concentration of 
1-2X10 5 cells per well in 100 uL Ten ul of each stimulus was 
added to the appropriate wells. After three days in culture, 
the amount of proliferation that had taken place was mea- & 
sured using a non-radioactive kit Responses are presented 
in Table 5 below. 



50 



55 



60 



These results give insight into the immune responses (T 
cell and B cell involvement as measured by mitogenic 
responses, and specific responses to heat-killed antigen) to 
this highly attenuated strain at the time of challenge and 
during the weeks post challenge. Proliferation to 
P-galactosidase protein was not detected. Due to the normal 
immunological characteristics of the eye, this result was 
expected (Rocha and Baines Critical Rev. Immuru (1992) 
12:81-100). 

EXAMPLE 8 

Mouse Intranasal Challenge Proliferation 

The purpose of mis experiment was to measure in an 
alternative model (i.e. murine intranasal) the ability of 15D 
to deliver DNAin vivo. In addition, immune responses to the 
carrier were also determined. 

Groups of five mice each were inoculated twice intrana- 
sal^ 4 weeks apart. For each strain or treatment, three 
different doses were also given. Amounts are indicated 
below. One treatment group consisted of mice given 15D 
(pCMVp) with 50 ug/ml of DAP added to the culture prior 
to inoculation. Four weeks after the second inoculation, 
spleens were removed, processed to a single cell suspension 
and plated in 96 well plates at 2x10 s cells per well in 100 uL 
Ten ul of the stimuli were added to the appropriate wells. 
Plates were incubated for three days, and the amount of 
proliferation that had taken place was measured using a 
non-radioactive kit Values were averaged and the back- 
ground subtracted to determine the O.D. 490 value. Stimu- 
lation index for ConA, EL coli LPS and heat killed 2457T was 
calculated by dividing the average experimental O.D. value 
by that of the naive control Results are shown in Table 6 
below. Stimulation Index for fi-gal is experimental 
(pCMVP) O.D. value divided by that of 15D. 
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TABLE 6 



Stimulation Index 
Stinrabtio" Tnrteg = Em/Control 



Heat- 



Stimulation Index = 
pTMVB/lSP 



ConA E. cdi LPS 



killed P-gal 
2457T protein* 
5 MgAml 0.25 Mg/ml 



protein* 
2.5 Mg/ml 



15D (high) 


1.16 


0.71 


053 






(middle) 
(low) 
lSDfeCMVp) 


134 
1.10 
1.22 


0.68 
032 
037 


0.73 
0.84 
134 


237 


109 


(high) 
(middle) 
flow) 
15D(pCMVp + 


1.12 
1.15 
0.85 


0.77 
0.61 
1.29 


1.49 
1.17 
1.27 


2X9 
0.66 
3.12 


239 

0.7 

3.6 


DAP (high) 
(middle) 
(low) 


1.16 
1.19 


030 
034 


0.82 
0.69 


0.62 
020 


050 
0.60 



10 



15 



Approximate dose for both inoculations: 
lSD-SxlC^lxltfandSxlO 5 ^ . , if . 
15D(pCMVp) with or wilhout DAP- 1 x 10* 5 x 10?, 1 x 10* 
"p&^B was added to the fcgal protein to chelate aiiy contammatmg 

LPS. 

These results indicate that in this model, 15D can suc- 
cessfully deliver pCMVp DNA. At higher inoculating doses, 
mice that have been inoculated with 15D(pCMVp) with or 
without the addition of DAP are capable of proliferating m 
response to 0-gal protein. In addition, there was no signifi- 
cant proliferative responses to the carrier at the doses given. 

We have discovered a novel method for delivering func- 
tional DNA inside cells. This method should not be 
restricted to Shigella, since the invasion genes that Shigella 
utilizes can be inserted into other bacteria such as E. coU 
(Sansonetti et aL Infect. Immun. (1983) 39: 1392). likewise 
other bacteria such as Listeria are able to invade cells and 
break out of the phagocytic vacuole into the <^* sm 



essential for DNA delivery, preliminary experiments with 
Salmonella typhimurium, an organism that reaches the cyto- 
plasm only with difficulty, suggests this organism is not an 
efficient DNA delivery vehicle. 

Any bacterial vector DNA delivery system wfll need to 
strike a balance between cell invasion with its subsequent 
reactogenicity and efficiency of delivery. In the case of 
Shigella, the genes responsible for invasion also cause 
invasion and apoptosis of macrophages followed by inflam- 
mation (Zychlinsky et aL Nature (1992) 358:167). We 
constructed a Shigella strain that in the absence of DAP, is 
unable to survive inside the cell Determination of the safety 
of this strain awaits human trials. 

The bacterial DNA delivery system which we describe 
has several advantages for certain applications. Delivery of 
DNA encoded antigens to the mucosal immune system 
should permit mucosal immunization simultaneously with 
multiple antigens that can be directed for class I and/or H 
M presentation, stimulation of Thl or Th2 help, or secreted 
maintaining the proper folding and conformational epitopes 
for IgA and IgG antibody production. Diarrheal diseases 
-such as rotavirus; sexually transmitted diseases such as 
human immunodeficiency virus, Neisseria gonorrhoeae, 
and human papilloma virus; and gastrointestinal diseases 
such as the ulcer causing Helicobacter pylori, to name a few, 
may be especially responsive to this approach. Suppression 
of autoimmunity through manipulation of gut immune tol- 
erance mechanisms has been demonstrated (Sun et al. Proc. 
NatLAcad.ScL USA. (1994) 91:10795), and should also be 
amenable to this approach. 

Perhaps the greatest advantage of bacterial delivery of 
DNA for vaccination and potential gene therapy/ 
replacement is the ease and acceptability of oral and other 
35 forms of mucosal delivery. Likewise, because no DNA 
purification is required for this type of DNA vaccination, 
which is really a live, attenuated bacterial vector, vaccines 
can be produced for the cost of fermentation, lyophilization 
and packaging. Therefore, this type of vaccination may 
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( 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 8 



( 2 ) INFORMATION FOR SEQ ID NOtl : 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 1674 bsx pair* 
( B ) TYPE: Nodoc add 
( C ) STRANDEDNESS: Doable 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

TCC AT AATCA OOATCAATAA AACTOCTOCA OAAATOATTT 

CATTCATAAC TCAAATTCCC TOATAATTOC COCOOACTTT 

CTOCOTOCTA ACAAAOCAOO ATAAOTCOCA TTACTCATOO 

CTTCOCTATC ATTOATTAAT TTCACTTOCO ACTTTOOCTO 

CTTTTTOTAT OOTOAAAOAT OTOCCAAOAO OAOACCOOCA 



40 
8 0 
1 2 0 

1 6 0 

2 0 0 
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CATTTATACA 
TOAAAAATOT 
CTCCOTTCTC 
OACOCCATTC 
OCCAOOCTOC 
TCAOOATOCC 
ATCATTOTOA 
TCT ATCC AAA 
OATTOACOCA 
ATCATCATTC 
ACOOATTAAA 
CTOT ACCOT A 
TTCOCCAATO 
ACCAOOCCOC 
OTTATTAACC 
OATOAACTCO 
AACOC AAAOT 
OOTOOAT AAC 
CCOTOOATCO 
AAOAOTOOAA 
CACATCTTCC 
OTCOOOOCAT 
AATTOAAAAA 
OCTOOCTOCO 
OATCOOOAAA 
TTACCOOCAC 
OCTOAATATO 
OOCOACCAOC 
OOATOCTTCO 
TQQQOCQCOA 
TAAOCOCAOA 
OCATTOOCTA 
TCACAOCCTT 
CACAOAOTOC 
CCAOAAOTCA 
AACAOOAAOA 
TOATTAACOC 



OC ACACATCT 
TOOT TTT ATC 
ATOCAACOCA 
OCCCTOTCTT 
OCCOTCTTTT 
TT TO ATCTOO 
CCTOTCAOOO 
OCTTCOTOAA 
OC ATCOTCTC 
TTOACCCCOT 
TAATOOC ATC 
AOCCTOATOT 
ATCTTOTTGA 
TTCCOOCOOT 
C AOATOOOCC 
COACCCCOTC 
CACAACCTTA 
TTTOOCOTOC 
AC AAACAOCT 
AOOOCAOOCO 
OTAATTCCOO 
TOCOCTOCCA 
AOATOTOTCT 
C ACAATCCOT 
TCACT ATOCO 
OCTOACCACO 
OOACC AOAOT 
TOCTOTOOOO 
TCAACTOOCO 
TOCCOCCCCT 
TOTTTC ATOA 
TTCTTTAAOO 
ACCTOAAOTO 
TOCOCCOTTC 
AAAATCCAAT 
C AAOC ATOTC 
OCTAATTOCA 



TTOCAOOAAA 
OOCTOOCOCO 
TOOT T OA AO A 
CTTTTCT ACT 
OOCOOAACCA 
AOOCOCTAAA 
COOCOATT AT 
AOCOOATOOC 
TOCOCATOAA 
C AATCAOOAC 
AOOACTTTTO 
TOATOTCOTT 
TTOOOTOTCC 
OOTOCOCOAC 
ATCTOT ATOO 
CTCTOCT ATT 
ACCCOTAOCO 
COCTOOCOOO 
COATAACOOT 
OAAACCAACA 
T AOATOOTTT 
CAOCCAOOCA 
ATTCCOACCO 
OOOCO AAAOT 
TOAOCTAACC 
CCOOT AOOCC 
TCCTOTCAOC 
OOCCOCOOAO 
T AATCTTTAT 
OTT AGTOCOT 
TTT ACCOOOA 
OTOOCTOAAT 
AOOACOACOC 
AOOTCAAAAA 
TOOATOOOOT 
COATCOTATC 
OOCCATTTTO 



AAAACOCTTA 
OTATOOTCOO 
OCOCOACTTC 
TCTCAOCTTO 
CTOOCAC AC T 
OOCCCTCOAT 
ACC AACOAAA 
AAOOTTACTO 
AOATOACOCC 
OTCATTACCO 
TTOOCOOT AA 
OOOTOOTTT A 
OTTOCAACCT 
ATATOCOTOA 
CCATOTOOC A 
CTCOATATCO 
OTOAOCTOCC 
T AOCCTOATT 
CAOAOCCOCO 
AOATCCTCAA 
ATOTOTOCOT 
TTC ACTATTA 
TOOAAOAACT 
COTTCCOAAC 
CC AOCTOCCO 
OCCTOCOTAA 
CTTT ACCOTO 
CCOCTOCOTC 
TCATTAAATC 
AATAC AOOAO 
OTTAAATAOA 
ACATOAOTAT 
AOAOAOOATO 
AATOTC ACAA 
OACACAAT AA 
OAT AOAOACO 
COOA 



2 4 0 

2 8 0 

3 2 0 

3 6 0 
40 0 

4 40 

4 8 0 

5 2 0 

5 6 0 

6 0 0 
6 4 0 

6 8 0 

7 2 0 

7 6 0 

8 0 0 
8 4 0 

8 8 0 

9 2 0 
960 

10 0 0 
10 4 0 
10 8 0 
112 0 
116 0 
12 0 0 
12 4 0 

12 8 0 

13 2 0 

13 6 0 

14 0 0 
14 4 0 

14 8 0 

15 2 0 

15 6 0 

16 0 0 
16 4 0 
16 7 4 



( 2 ) INFORMATION FDR SEQ ID NCrfc 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1121 bee pairs 
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( B )TYPE: Nodcic aaA 
( C ) STRANDEDNESS: Double 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: Obex nucleic acid 

( A ) DESCRIPTION: The & coB asd gene cwfing fc* b-«pamc 
MmaUdTde deb ydmgenase Mollified in SEQ ID NOtl 
was modified by deleting 553 bp ft«n posinon 439 to 991. 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



TCCATAATCA 


GGATCAATAA 


AACTOCTOCA 


OAAATGATTT 


CATTCATAAC 


TC A A ATTCCC 


TO AT AATTGC 


CGCGG ACTTT 


CTOCOTOCT A 


AC AAAOCAOO 


ATAAOTCOCA 


TT ACTC ATOO 


CTTCOCTATC 


ATTOATTAAT 


TTCACTTOCO 


ACTTTOOCTO 


CTTTTTOT AT 


GGTOAAAOAT 


GTGCCAAOAO 


GAGACCGOCA 


CATTTATACA 


GCAC ACATCT 


TTGCAGOAAA 


AAAACOCTTA 


TOAAAAATOT 


TOOTTTTATC 


OOCTOOCOCO 


OTATOOTCOO 


CTCCOTTCTC 


ATGCAACOCA 


TOOTTGAAGA 


OCOCOACTTC 


OACOCCATTC 


OCCCTOTCTT 


CTTTTCTACT 


TCTC AOCTTO 


OCCAOOCTOC 


OCCOTCTTTT 


OOCGOAACC A 


CTOOCACACT 


TCAOOATOCC 


TTTOATCTOO 


AGGCOCT AAA 


OOCCCTCOOA 


TCCTCAACAC 


ATCTTCCOTA 


ATTCCGOT AO 


ATOOTTTATO 


TOTOCOTOTC 


GGOGC ATTOC 


OC TOCCACAO 


CCAOOCATTC 


ACTATTAAAT 


TGAAAAAAGA 


TOTOTCTATT 


CCOACCOTGO 


AAOAACTOCT 


OOCTOCOC AC 


AATCCGTGGG 


COAAAOTCOT 


TCCOAACOAT 


CGOOAAATCA 


CTATOCOTOA 


OCTAACCCCA 


OCTOCCOTT A 


CCOOC ACGC T 


OACCACGCCG 


OTAOOCCOCC 


TOCOTAAOCT 


OAATATOOGA 


CC AOAOTTCC 


TOTCAOCCTT 


TACCOTOOOC 


GACCAOCTOC 


TOTOOOOOOC 


COCOOAOCCO 


CTOCOTCOOA 


TOCTTCOTCA 


ACTOOCOT AA 


TCTTTATTCA 


TTAAATCTOO 


OOCOCOATOC 


CGCCCCTGTT 


AGTGCGT AAT 


ACAOOAOTAA 


OCOCAOATOT 


TTCATGATTT 


ACCOOGAOTT 


AAATAOAOCA 


TTOOCTATTC 


TTTAAOOOTO 


OCTGAATAC A 


TOAOT ATTCA 


CAOCCTTACC 


TOAAOTOAOO 


ACO ACOC AOA 


OAOOATOCAC 


AOAOTOCTOC 


OCCOTTCAOO 


TCAAAAAAAT 


OTCACAACCA 


OAAOTCAAAA 


ATCCAATTGO 


ATOOOOTOAC 


ACAATAAAAC 


AOGAAOAC AA 


OCATOTCCOA 


TCGTATCOAT 


AOAOACOTOA 


TTAACOCOCT 


AATTOCAOGC 


CATTTTOCOO 



4 0 

8 0 
1 2 0 

1 6 0 

2 0 0 
2 40 

2 8 0 

3 2 0 

3 6 0 

4 0 0 
440 

4 80 

5 2 0 

5 6 0 

6 0 0 
6 4 0 

6 8 0 

7 2 0 

7 6 0 

8 0 0 
840 

8 8 0 

9 2 0 
9 6 0 

10 0 0 
104 0 
10 8 0 
1120 
112 1 



( 2 ) INFORMATION FOR SEQ ID N03: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pan* 
( B ) TYPE: Nucleic add 
( C ) STRANDEDNESS: Doable 
( D )TOPOLOOY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
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AOATCTCCCT OAT A A T TO C C OC 



2 2 



( 2 ) INFORMATION FOR SEQ ID NO*: 

( t ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pain 
( B )T*TE:Noclcic arid 
( C ) STRANDEDNESS: DocHc 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

AOATCTCCCT TACTCCTOTA TTACOC 



2 6 



( 2 ) INFORMATION FOR SEQ ID NOt5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 base pain 
(B ) TYPE: Nocktc add 
( C ) STRANDEDNESS: Doable 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

COAOOOCCTT TAOCOCCTCC 

( 2 ) INFORMATION FOR SEQ ID NO& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 20 base pain 
( B ) TYPE: Nucleic add 
( C ) STRANDEDNESS: Double 
( D ) TOPOLOGY: Linear 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

OATCCTCAAC ACATCTTCCO 



( 2 ) INFORMATION FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pain 
( B ) TYPE: Nucleic acid 
( C ) STRANDEDNESS: Doable 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ K> NO: 7: 

OAOCTCCCCT OATAATTOCC GC 



2 2 



( 2 ) INFORMATION FOR SEQ ID NO:8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 base pain 
( B ) TYPE: Nucleic add 
( C ) STRANDEDNESS: Double 
( D ) TOPOLOGY: Linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GTCOACCOCT TACTCCTOTA TTACOC 26 



What is claimed is: 

1. A delivery vehicle for delivering a mammalian expres- 
sion plasmid into a mammalian cell, said vehicle comprising 
a pure culture of attenuated Shigella cells into which said 
expression plasmid has been introduced, wherein said Shi- 
gella cells have at least one genetic mutation such that they 
lyse once inside said mammalian celL thereby delivering 
said expression plasmid therein. 

2. The delivery vehicle according to claim 1, wherein said 
Shigella is 5. flexneri. 



3. The delivery vehicle according to claim 1, wherein said 
mammalian cell is a cell of an intestinal mucosal epithelium. 
60 4. The delivery vehicle according to claim 3, wherein said 
Shigella is 5. flexneri. 

5. The delivery vehicle according to claim 4, wherein said 
5. flexneri is strain 15D given ATCC accession number 
55710: 

6. The delivery vehicle according to claim 1, wherein said 
65 attenuated Shigella cells are inactivated. 

7. The delivery vehicle according to claim 6, wherein said 
attenuated Shigella is heat-inactivated. 
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8. The delivery vehicle of claim 1, wherein said mutation 
is a mutation in the wild-type asd gene within said Shigella 
cells. 

9. A method for delivering a mammalian expression 
plasmid into a mammalian cell, said method comprising: 

(i) introducing a mammalian expression plasmid into a 
pure culture of attenuated Shigella cells, wherein said 
Shigella cells have at least one genetic mutation such 
that they lyse once inside said mammalian cell; and 

(ii) administering said Shigella cells to said mammalian 
cell, thereby delivering said expression plasmid 
therein. 

10. The method according to claim 9, wherein said 
Shigella is S. flexneri. 

11. The method according to claim 10, wherein said 5. 
flexnen is strain 15D, given ATCC accession number 55710. 
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12. The method according to claim 11, wherein said 
mammalian cell is a cell of a mucosal epithelium, 

13. The method according to claim 9, wherein said 
mammalian cell is a cell of a mucosal epithelium. 

14. The method according to claim 13, wherein said 
mucosal epithelium is intestinal mucosal epithelium. 

15. The method according to claim 9, wherein said 
attenuated Shigella cells are inactivated. 

16. The method according to claim 15, wherein said 
attenuated Shigella is heat-inactivated. 

17. The method of claim 9, wherein said mutation is a 
mutation in the wild-type asd gene within said Shigella cells. 



